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Abstract 
Bentonite clay from Pacitan, East Java, was made using intercalation and pil/arization method. using 
cationic surfactant HDTMA-Cl as intercalating agent and NaOH - AICI; mixture with OHIAI ratio was 0,8 
as pi/loring agent at BrfC. Furthermore, calcination was done at 50rfC for 4 hours. Adsorption process was 
done at laboratory scale batch :.ystem with initial Basic Blue 41 dye concentration varied between 100 ppm, 
200 ppm, 300 ppm, 400 ppm, and 500 ppm for adsorbent mass ratio was 0, I giL and adsorbent size of 100 
mesh. Adsorbent mass ratio was varied 0,/ giL; 0,2 giL; 0,25 giL; 0,35 giL; and 0,4 giL for initial dye 
concentration of 600 ppm. Adsorption equilibrium was analyzed using Langmuir equilibrium model, and 
kinetic model was developed with considering convection mass transfer at adsorbent surface and intra-
particle dye diffusion. Mathematic model and experimental data was used to calculate dye convective mass 
transfer and effectivediffusion coefficient using computer program. The result showed that Basic Blue 41 -
pil/arizedbentonite clay equilibrium obeyed Langmuir equilibrium model. Developed kinetic model was 
relatively fitted to experimental data. Maximu,.,; dye removal was 97.947 %. Generally, Basic Blue 41 
adsorption kinetic was controlled by film resistance at adsorbent surface and intra-particle diffusion 
resistance. 
Keywords: Adsorption; Basic Blue;Bentonite Clay; Modeling; Pillarization 
1. Jntroduction 
Bentonite clay, which was composed of alumina-silicate, is a low price commodity, widely available, and 
considered to be an effective sorbent material having a high added value. Based on the mineral content, the clay can 
be divided into: smectite (montmorillonite), kaolinite, halloysite, chlorite and illite[Oiphen et al., 1977]. Bentonite is 
a type of clay which has the ability to adsorb water and its cation exchange power much greater than the ordinary 
clay. A component of the dominant clay mineral in bentonite ismontmorillonite.Montmorillonite has the chemical 
formula [NaxAI(2-x)Mgx(Si40 10XOH):zJ.(H20)m. 
Montmorillonite clay minerals are a group that has a good ability to adsorb both the metal and the organic 
molecules. It also has an ability to inflate and deflate (swelling) and an exchangeable cation[Pinnavaia, 
1983].Bentonite is a claycomposed of alumina-siJicatewhich consists of 3 layer.>, where a layer containing 
octahedral aluminum flanked between the other two layers containing tetrahedral silicate. This three layer.> form a 
sheet structure [Astrology, 2000]. 
Due to its large porosity, beside its potential as an adsorbent, bentoniteclay is very suitable to be used as catalysts 
and ion exchange material. However, although bentoniteclay is very useful in many areas of application, it has 
limitations in maintaining its shape, due to its nature of easy to swell. Clays can swell due to hydration, deflate and 
even the structure of the clay can be damaged by dehydration and heating. To prevent this deformation, the 
interlayer region should be supported by a stable pillar. The other purpose of such modification is to create a large 
pore volume. In addition, it was also addressed to increase its ability of maintaining the porosity of clay despite 
hydration and dehydration occur. This process is called pillarization[Robert et al., 1999]. 
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Two main steps of the pillarization process were as follows, I). Inserting a pillaring agent to the layer between 
the clay sheets, 2). Calcining the material to make the pillaring agent incorporated and tied into the solid sheets 
strongly. The s<Kalled pillaring agent is any substance that can fonn the pillars on sheets of clay, so the clay 
becomes porous. While, the insertion of these substances into the space between the sheets (interlayer) without 
changing the structure of the sheet is called intercalation stage. Bentonite that has undergone a process of 
pilla.riurion is called pillared bentonite clay[Robert et aJ. , 1999]. 
To fonn a stable pillared bentonite with permanent porosity, the process of heating (calcination) needs a great 
consideration. The best temperature range for calcination is between 300-500 °C[Barrer et. al, 1978]. Pinnavia 
described that the calcination process at the temperature range makes the pillaring agent strongly bind to the 
bentoniteclay sheets. This is indicated by the spectral data A I MAS-NMS on smectite clays pillared with AI (Barrer 
et at, 1978). After experiencing pillarization, the pillared bentoniteclay has expands vertically compared to prior 
pillarization, and can not return to the original fonn despite the dehydration happen[Robert et al., 1999]. 
Besides being able to expand vertically due to dehydration, other characteristics ofi>illared bentonite is having 
basal spacing at least 0.315 to 0.353 run. The pillaring agent molecules are laterally in the area ofintermelarwhich 
has porous characteristic. However, the basic criteria of pillared bentonite is having a good thennal and chemical 
stability and having a good distribution of the pillars in the intennelarregion [Robert et al., 1999]. 
The aim of this research work is to develop a mass transfer model which is suitable for basic blue adsorption 
onto pillaredbentoniteclay by taking into account the intra particle concentration gradient and applying tinier 
equilibrium equation. The suitability of the model was examined by using the data of laboratory experiments and 
analyzed quantitatively. 
2. Theory and Experimental 
2.1 Modeling 
Since the pillared bentonite clay particles used in this research work is sphere-like shape, it was considered 
appropiate to assume the shape of pillared bentoniteto be spherical shape, then the mass transfer model was 
developed using volume element mass balance for sphere: 
If q = C + C then 
f.J 
With 
Figure l.Vofume element mass balance 
m - m =m in O'UI ace 
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Solution of the equation (3) is 




Cq + fJq = ae + c2 + tx: 
c2 +(a+ p-q)C- fJq = 0 
C -(a+ p-q)±J(a+ P-q)2 +4/}q 
I) 2 
-(a.p +P- q) ± J(a.p +P-ql+4/Jq 





Equation (2} is the general form of differential equation for adsorption of solute from liquid phase to solid sphere 
which was taken into account the intra-particle concentration gradient. Differential equation (2) was solved using 
finite difference approximation which expressed as: 




For a certain position in spherical shape, it is necessary to modify the general finite difference equation as follow: 
At the center of the sphere (i = 0) 
6 6 q =--c +-C +q O, j+l M O,j M l,j O,j 
At solid surface (i = N) 
D 
p N,j N-l,j I c AL N,J l c -c k .4JCR2(c -c .)] q = • + 61+q N,j+l ea (t.r}'! a l'lT N,j 
Solute concentration in the liquid phase (CAL) was calculated using the equation: 
4nNR 2 
CAL . ,=CALO - -Jr qdr 






There are several methods available to solve the finite difference approximation such as explicit (forward), 
implicit (backward) and Crank-Nicolson[Wahyudi Budi Sediawan and AgusPrasetya, 1997]. In this research work, 
the fmite difference approximation equation was solved using explicit method. The suitability of the model was 
examined by evaluating the sum of squares of errors (SSE) which wasexpressed as: 
SSE== :E (Cmodel - Cexpmmental (10) 
2.2Experimeot 
Bentonite clay, which was originated from Pacitan, East Java - Indonesia, was treated following intercalation 
and pillarization method. The measurement of some physical properties such as density, total porosity, macro and 
micro pore size and surfuce area BET (Brunauer, Emmet, Teller) was conducted afterward. Cationic surfuctant 
(HDTMA-CI) was used in intercalation while sodium hydroxide and AICh was used during pillarization process. 
The C. I. Basic Blue 4lunder the trade name T/A Blue RGN-T200% was used as adsorbate. 
Intercalation is performed by preparingbentonite suspensions in which the ratio of bentonite/water = I gram/50 
ml was appliedand was diluted using distillate water to 1000 ml of total mixing volume.Surfactaot was then added to 
the bentonite suspension and was stirred for 5 hours at a temperature of 80 °C. The weight ratio of 
surfactant/bentonite used was I : 25. After being stirred for 5 minutes the solution was cooled briefly and was 
separated from the filtrate by a vacuum pump and then was dried in a laboratory scale oven at 100°C for 1 hour. 
Pillaring agent was made by mixing NaOH and AICI3, in which the ratio ofOH/AI was 0.8, at a temperature of 
80°C and was stirred until homogeneous mixing was reached. Intercalated bentonite suspensions was stirred and 
heated until the temperature reaches 80°C. After that pillaring agent, ratio of Allbentonite = 10 mmollgram,was 
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added gradually to a suspension of intercalated bentonite and stirred for 5 hours at 80°C. After 5 hours. bentonitewas 
separated from the filtrate using a vacuum pump and dried in an oven at I 00 °C for I hour. Finally the bentonite was 
calcined at 500°C in a laboratory scale furnace for 4 hours with a gradual increase to the calcination temperature 
every 15 minutes to avoid a collapse in the structure of pillared bentonite. To ensure uniformity, cool pillared 
bentonite powder then passed to a I 00 mesh sieve prior the analysis of surface area BET and other physical and 
chemical characterization. Pore radius. pore surface area and pore volume was analyzed using NOV A Data Analysis 
Package Ver. 2.00. Quaotachrome Corporation. 
Adsorption test of AI pillared bentonitepowder was performed using an artificial waste which was prepared by 
dissolve a basic blue dye in 500 ml distiJied water. Experiments were conducted by varying the intial dye 
concentration andbentonite weight /solution volume ratio. During the batch experiment,the dye concentration 
changes in liquid phase was detected by taking samples and measure the concentration using an UV 
spectrophotometer. 
3. Results aod Discussion 
The scanning electron microscope (SEM) image of original and pillared bentonite wasshown on Figure 2 and 
Figure 3. respectively. The effect of the pillarization treatment was shown by the different surface appearance ofthe 
two images. The pillared bentonite image showed clearly the formation of basal spacing and area of intermelar 
where the pillaring agent molecules are laterally distributed. 
The result of the composition analysis of the original and pillared bentonite was shown on Table I. It could be 
seen from the table that the mass fraction of aluminum oxide increased to some significant extent, i.e. from 18.23 
%w to54.16 %w. The increasing aluminum oxide content isdue. to the infiltration of pillaring agent AICh. Then, it 
indicated that the pillarization process has strongly incorporated and tied the pillaring agent into the bentonitesolid 
sheets. While the mass fraction of some components including silicon dioxide, calcium oxide and ferro oxide 
decreased as consequent of increasing the aluminum oxide content. 
Larger pore volume was detected on pillared bentonite which reflects increasing the surface area after 
pillarization. Accumulated pore volume and pore surface area were presented on Figure 4 and Figure 5, respectively. 
The figures showed clearly that the pillarization increased pore volume and pore surface, significantly. There has 
been a tremendous shift of pore size distribution dominates, from 0-20 Angstroms for the original bentonite to 20-
500 Angstrom for pillared bentonite. 
Figure 6 and Figure 1 displays basic blue concentration in the liquid phase by comparing the experimental data 
to the calculated value from the model for variations in the initial concentration. While Figure 8 and Figure 9 
displays the same thing for variations in the ratio ofmass of bentonite to volume of solution. 
The parameters associated with the calculation of dye concentration, which include the distribution constant, '· 
external mass transfer coefficient and diffusivity coefficient., generated during solving the finite 
differenceapproximationwere presented in Table 2 and Table 3. 
Figure 2: Scanning electron microscopeimage of original bentoniteat magnification 1 OOOx 
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Figure 3: Scanning electron microscope imageof pillared bentonite at magnification I 000 x 
Table 1: Composition of Original and Pillared Bentonite 
Original Pilar red Component bentonite, •;.w bentonite , %w 
Na20 0,05 0.54 
MgO 3.70 2.32 
AhOJ 18.23 54. 16 
Si02 68.69 40.91 
CaO 3.90 0.06 
Ti02 0.59 0.16 
FeO 4.83 1.85 
Analysi~ methode : SNI 0449-20 I 0 
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Pore Radius (Angstrom) 
Figure 4: Accumulated pore volumeversus pore radius of original and pillared bentonite clay. 
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Figure6: Basic blue concentration ratio in liquid phase versus time. The experimental data symbol for related 
initial concentration: •I 00 ppm, 0 200 ppm, i300 ppm, o 400 ppn, + 500 ppm.The curved line expressed 
the calculated result from the modei.The mass ratio ofbentonitelsolu!ion: 0.10 g/100 mi. 
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Figure 7: Basic blue concentration in liquid phase, model versus experimental data. The experimental data 
symbol for related initialconcentration: • 100 ppm, 0200 ppm, i 300 ppm, o 400 ppn, + 500 ppm.The 
mass ratio of bentonite/solution: 0.10 g/100 mi. 
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Distribution constants for dye adsorption by bentonite was apparently not affected by the dye concentration 
in solution, while an increase in the ratio of bentonite/solution slightly lowering the distribution constant value 
as was shown on Table 2 and Table 3. It wasn't found a clear correlation between the external mass transfer 
coefficient and the initial dye concenn-ation as well as the bentonite/solution ratio. 
Varying the initial concentration of dye at constant bentonite/solution ratio and varying the 
bentonite/solution ratio at constant initial dye concentration mean varying the dye concentration during the 
batch adsorption process. 
While vaJue of the external mass transfer coefficient calculated from the same experimental data source vary, 
as shown in Table 2 and Table 3. It mean that a change of dye concentration might be result in a change of an 
eddy diffusivity and/or the thickness of liquid phase interface film, since an external mass transfer coefficient 
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Figure 8: Basic blue concentration ratio in liquid phase versus time. The experimental data symbol for 
related bentonite/solut.ion ratio: • 0.20 g/1 00 ml, o 0.25 g/1 00 ml, j 0.35 g/1 00 ml, + 0.40 g/1 00 mi. The 
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Figure 9: Basic blue concentration in liquid phase,model versus experimental data. The experimental data 
symol for related bentonjte/solution ratio: • 0.20 g/100 ml, o 0.25 g/100 ml, A 0.35 g/100 ml, + 0.40 
g/100 mi. The curved line expressed the calculated result from the model. The initial concentration of basic 
blue was 600 ppm. 
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Table 2: Equilibrium, kinetic parameter, and SSE at various initial dye concentration 
for bentoniteld~e solution ratio 0.1 g/1 00 ml 
CALO a ~ kc De SSE ppm (Umg) (Umg) cmls cm21s 
100 2.5 56.35 5.5 6.6 1004 6.7 w·11 
200 2.5 80.84 2.8 7.0 10-4 1.8 10"15 
300 2.5 145.5 2.5 7.0 10-4 ) .5 JO· IS 
400 2.5 101 .2 2.7 6.6 10-4 5.7 w-u 
500 2.5 67.90 5.5 6.6 10-4 2.7 w-•s 
Table 3: Equilibrium, kinetic parameter, and SSE at various bentonite/dye solution ratio 
for initial dye concentration 600 ppm 
BID IJ kc De g/100 a SSE 
mL 
(lJmg) ~lJmg) cm/s cm2/s 
0.2 1.2 39 8.0 t.4 10·3 5.5 10"15 
0.25 1.5 38 5.0 7.0 10'3 5.) 10-IS 
0.35 1.5 34 0.9 8 .0 10·3 2.2 w-rs 
0.4 59.2 101 17.0 1.5 to·3 6.5 w·'7 
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The sum of squares of errors which was used to examine the suitability of the developed model was 
presented in Table 2 for initial dye concentration variation and in Table 3 for bentonite/solution ratio variation. 
Thevalue were in the range of 6.510'17- 5.710'15.This low value of SSE indicates that the developed mass 
transfer model is suitable for basic blue adsorption onto pillared bentonite clay. 
4. Conclusion 
The effect of the bentonitepillarization was shown by the different surface appearance which was found on 
the scanning electron microscope images. The formation of basal spacing and area of interrnelar was identified 
in the pillared bentonite. 
After pillarization, the mass fraction of aluminum oxide increased to some significant extent, i.e. from 18.23 
%w to 54.16 %w. The increasing aluminum oxide content is due to the infiltration of pillaring agent AICh. It 
indicated that the pillarization process has strongly incorporated and tied the pillaring agent into the bentonite 
solid sheets. 
Larger pore volume was indicated by pillared bentonite which reflects increasing the surface area after 
pillarization.There has been a tremendous shift of pore size distribution dominates, from 0-20 Angstroms for the 
original bentonite to 20-500 Angstrom for pillared bentonite. 
This research work has proven that the developed mass transfer model are suitable for basic blue adsorption 
onto pillared bentonite clay. 
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bentonite/dye soultion ratio (g I I 00 ml) 
solut concentration in liquid phase (mollml) 
initial solut concentration in liquid phase (mollml) 
solut concentration in liquid phase interface (mollml) 
solut concentration at position i at time j 
solut concentration in solid (gig solid) 
diffusivity coefficient (cm2/s) 
Volume Solution {m/) 
external mass transfer coefficient (cm/s) 
rate of mass inflow (molls) 
rate of mass outflow (molls) 
rate of mass accumulated (moVs) 
total number of particle 
sphere radius (em) 
distance from the sphere center in radial direction (em) 
time(s) 
Greek letters 
e particle porosity 
Pad• adsorbent density (glml) 
a , ~konstanta Langmuir (Umg) 
References 
I. Astrology (2000). Clay-Catalyzed RNA Polymerization Activity, New York. 
ISSN 1693-4393 
2. Barrer, R.M., F.R.S. (1978). Zeolites and Clay Minerals as Sorbents and Molecular Sieves, Academic 
Press, London. 
3. Olphen, H.V. (1977). An Introduction to Clay Colloid Chemistry for Clay Technologist. Geologist and 
Soil Scientist. 2nct Edition. A. Willey-lnterscience-Publication, Canada. 
4. Pinna via, T J . ( 1983). Intercalated Clays Catalyst Science220, 4595: 365-371. 
5. Robert A. Schoonheydt, Tom Pinnavaia, Gerhard Lagaly and Nick Gangas (I 999). Pillared Clays and 
Pillared Layered Soilds. 
6. Wahyudi Budi Sediawan and Agus Prasetya (1997). Pemodelan Matematis dan Penyelesaian Numeris 
Dalam Teknik Kimia. Penerbit ANDI, Yogyakarta. 
0 Program Studi Teknik Kimia, FTI, UPN "Veteran• Yogyakar1a A7-9 










Lembar Tanya Jawab 
Moderator: Tjukup Marnoto 
Mujahid (Teknik Kimia, UPN "Veteran" Yogyakarta) 
Selain AI apakab dapat digunakan Jogam yang lain? 
Selain AI, dapat digunakan Zn, sSemua logam dapat dipakai. Untuk minyak 
atsiri dipakai Fe. Untuk zat warna dipakai AI 95,6%. 
Dinda TriG. (Teknik Kimia, UPN "Veteran" Yogyakarta) 
Mengapa menggunakan bentonit? 
Adsorben yang murah bermacam-macam, karena dipasaran banyak bentonit 
yang tidak terpakai. Dulu untuk menyerap minyak atsiri dan zat warna basa 
lainnya. 
Dr. Ir. Tjukup Mamoto, MT (Teknik Kimia, UPN "Veteran" Yogyakarta) 
Bagaimana jika pori berpori lagi? 
Pori ada riga macam: makropori, mesopori dan mikropori. Jadi dari data BET 
menggunakan mesopori . 
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dimension electrode H7 gluten C2 
dissolution Jll glycerol C9, Cl2 
Dolomite It glycerol carbonat CI2 
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Thermal E?'pansion 15 zirconium hydroxide 
TMAH AS zirconium 
oxychloride 
tofu liquid waste Hl4 





























YAYASAN KEJUANGAN PANGLIMA BESAR SUDIRMAN 
UPN "VETERAN" YOGYAI<ARTA 
Jl. SWK 104 (Lingkar Utara) Condongcatur, Vogyakarta 55283 Telp. (0274)486188, 486733, 486402 Fac. (0274)486400 
Jl. Babarsari 2, Tambakbayan, Vo~akarta 55281 Telp.(0274)485268, 486991 
PROGRAM PASCA SARJANA 
PROGRAM STUDI 
1. Magister Manajemen Agribisnis 
2. Magister Teknik Pertambangan 
3. Magister Teknik Geologi 
4. Magister Manajemen 
5. Magister Ekonomi Pembangunan 
6. Magister Teknik lndustri 
FAKULTAS EKONOMI 
1 . Program Studi Manajemen 
2. Program Studi Akuntansi 
3. Program Studi Ekonomi Pembangunan 
FAKULTAS PERTANIAN 
1. Program Studi Agribisnis 
2. Program Studi Agroteknologi 
FAKULTAS TEKNOLOGI INDUSTRI 
1. Program Studi Teknik lndustri 
2. Program Studi Teknik lnformatika 
3. Program Studi Dill Teknik Kimia 
BIDANG KONSENTRASI 
- Manajemen Sumberdaya Manusia 
- Teknik Pengolahan Sumberdaya Mineral 
- Teknik Lingkungan Pertambangan 
- Teknik Eksplorasi Sumberdaya Mineral 
- Pengembangan Wilayah 
- Teknik Sumberdaya Air Tanah 
- Manajemen Keuangan 
- Manajemen Pemasaran 
- Pembangunan Daerah 
- Keuangan Daerah 
- Manajemen Aset dan Penilaian Properti 
- Teknik lndustri 
FAKULTAS TEKNOLOGI MINERAL 
1. Program Studi Teknik Geologi 
2. Program Studi Teknik Pertambangan 
3. Program Studi Teknik Perminyakan 
4. Program Studi Teknik Lingkungan 
5. Program Studi Teknik Geofisika 
FAKULTAS TEKNOLOGI INDUSTRI 
1. Program Studi Teknik Kimia 
F AKUL T AS SOSIAL DAN ILMU POLITIK 
1. Program Studi llmu Hubungan lnternasional 
2. Program Studi llmu Administrasi Bisnis 
3. Program Studi llmu Komunikasi 
